Abstract
Introduction
Satellite images have many applications in meteorology, agriculture, geology, forestry, biodiversity conservation, regional planning, education, intelligence, warfare and temperature determination to mention a few. Images can be in visible colors and in other spectra. There are also elevation maps, usually made by radar imaging. Interpretation and analysis of satellite imagery are conducted using software packages like ERDAS Imagine or ENVI (Environment for Visualizing Imageries). Satellite imagery is also used in seismology and oceanography in deducing changes to land formation, water depth and sea bed, by color caused by earthquakes, volcanoes, and tsunamis (Lovholt et al., 2006) .
In recent time, researches have explored satellite data in land surface temperature derivation. David (2008) used Landsat TM data to estimate temperatures from a fire at the Chernobyl nuclear power plant. His result detected shortwave length infrared thermal radiance which was interpreted to come from sources at around 1130-1430 K. A new range of distribution of temperatures of the hottest visible material was suggested. A comparative study of Land Surface Temperature (LST) over parts of the Singhbhum Shear Zone in India was undertaken using various emissivity and temperature retrieval algorithms applied on visible and near infrared (VNIR) and thermal infrared (TIR) bands of high resolution Landsat-7 ETM+ imagery. Minimum LST observed over dense forest was about 26 °C and maximum LST observed over rock body about 38 °C. The estimated LST showed that rock bodies, bare soils and built-up areas exhibit higher surface temperatures, while water bodies, agricultural croplands and dense vegetations have lower surface temperatures during the daytime (Srivastava et. al., 2009) . Strong correlation was found between LST and spectral radiance of Band 6 of Landsat-7 ETM+. Jiansheng and Wang (2009) modelled surface temperature and brightness temperature in southeast New England by adding surface emissivity derived from the conventional image classification with solar zenith angle. Mustard et al. (1999) quantified thermal effluent impact using satellite data. The findings of that study reveals that Mount Hope Bay had anomalously high temperatures throughout the year in the upper estuary and was on average 0·8 0 C warmer than the rest of the upper estuary which was implicated in a large decline in fish population in the environment. The total area affected is 36 km 2 . Javed et al. (2008) estimated land surface temperature over Delhi using Landsat-7 ETM+ and observed a strong correlation between surface temperature with Normalized Difference Vegetation Index (NDVI) over different LU/LC classes. Sobrino et al., (2004) used three methods to retrieve LST from thermal infrared data supplied by band 6 of the Thematic Mapper (TM) (sensor on board the Landsat5 satellite). The first was the estimation of the land surface temperature from the radioactive transfer equation using in-situ radio sounding data. The other two were the mono-window algorithm developed by Qin et al (2001) . Thermal remote sensing methodology was explored in studies carried out by Voogt and Oke (2003) , Gallo et al. (1993) , Carson et al. (1994) , Balling and Brazell (1988) . Further studies have been conducted in converting Landsat TM and ETM+ thermal bands to temperature.
Justification for the Study
Lagos is regarded as one of the fastest growing urban agglomerations in the world (Millington et al., 2006) . The temperature of Lagos State is changing and there is no detailed and original work on LST using Satellite imageries in the area. The temperature change has strong impact on the environment, economy, agriculture, hydrology, and bio-geo-chemical. This study is necessary to estimate LST and to gain knowledge of temperature variations across the State. Urban Sprawl in the city has lead to replacement of vegetal cover by residential buildings, industries and impervious surfaces. All these and climate change scenarios are believed to have impact on temperature of Lagos State. A study of this nature, will serve for further research, planning and environmental sustainability.
The Study Area
The study area is Lagos State and is situated in the southwest of Nigeria; this elongated state spans the Guinea coast of the Atlantic Ocean for over 180km, from the Republic of Benin on the west to its boundary with Ogun state in the east. It extends approximately from latitude 6°2'North to 6°4'North, and from longitude 2°45'East to 4°20'East. The administrative boundary of Lagos State is shown in Figure 1 . Lagos has a total coverage area of 3,577km
State is ranking as the second most populous city in Africa. UN (2007) reported that the city has a population of 9.5 million. 
Materials and Methods

Materials:
A subset of Landsat TM acquired on December 18, 1984 and December 27, 2002; and a subset of Landsat ETM of December 28, 2006 all with a satellite pass of path 191 and row 55 that covers some parts of Lagos State were used in this study. Figure 2 is a Landsat data of the environment showing study area boundary. Both Landsat TM and ETM have 30m spatial resolution at the visible and near infrared spectral region(10.4-12.5μm). However, at the thermal infrared spectral region, they differ with TM having 120m and ETM having 60m spatial resolution respectively. Landsat ETM has enhancements with two bands at the thermal infrared region (Band 61&62). These bands are in two gain states, one with a high and the other with a low gain both having 60m spatial resolution. The imageries were acquired through the USGS Earth Resource Observation Systems Data Centre, which has corrected the radiometric and geometrical distortions of the images to a quality level of 1G before delivery. Three software packages were used to classify and to complete the processing and analysis namely: ENVI 4.8, IDL 8.0 and ARCGIS 9.3. 
Methods
Several processing steps were carried out in order to classify the LandCover and determine the surface temperature on the imageries. The ENVI software was used to classify the LandCover, IDL was used to process the surface temperature from the image and then classified in ENVI, and ARCGIS 9.3 was used to analyze the data and map creation. In the Land Cover classification, a band sequence of 5,4,3 was used to produce a composite multi-spectral imagery which was used to classify the imagery. An unsupervised classification of the imagery using the K-means method was carried out for three classes. The classes are Built-up, Vegetation and Water bodies.
For surface temperature determination, the thermal bands of the imageries were used for the analysis. Weng et al. (2004) described steps to be followed in determining surface temperature. The first step is to process the data by converting the DN(Digital Numbers) to radiance. The radiance is calculated using the equation:
where: CVR is the cell value as radiance CVDN is the cell value digital number G is the gain B is the bias (or offset) The next step is to convert the spectral radiance to satellite brightness temperature (i.e., blackbody temperature, TB) under the assumption of uniform emissivity (Landsat Project Science Office, 2002) . The conversion formula is:
where: TB is in degrees Kelvin; CV B R is the cell value as radiance; e is emissivity (typically 0.95) K1 = 607.76 for Landsat TM and 666.09 for Landsat ETM; K2 = 1260.56 for Landsat TM and 1282.71 for Landsat ETM Finally, the conversion of brightness temperature (TB) to Land Surface Temperature is performed with Artis and Carnahan, (1982) models. The equation is given thus:
λ is wavelength of emitted radiance (λ = 11.5μm) (Markham & Barker, 1985) ρ = h*c/σ (1.438*10 These equations were programmed in the script in the IDL software. Radiance values were extracted from the thermal band of the imagery and keyed into the program thus generating the temperature values in degrees Celsius. A table was created showing the radiance value with their equivalent temperature value. Thus, for any radiance value generated the temperature value can be automatically derived. This method assumes that all surfaces have an emissivity of 0.95. A more complete analysis could be done if different emissivities are used for different surfaces.
Temperature features were extracted across different local government areas. Pixel locator embedded in ENVI software was used to generate points (X,Y coordinates) for selected locations in the study area. This study has derived temperature and land cover information from LandSat data. From the Maps (Figures 3-5 ) generated, it is observed that there is a relationship between the surface temperature and the various LandCover types. It shows a broad classification of the LandCover types into Waterbodies, Vegetation and Built-up areas respectively. The built-up areas have the highest temperature range of values because of population growth, human activities like industrialization, deforestation, burning of natural gas, coal and oil which increase the level of CO2 and CO.
These gases are constituents of the green house gases that have been increased and subsequently more infra red radiation trapped and held which gradually increases the temperature of the earth's surface and the air in the lower atmosphere and causes global warming. It is also observed that the wetlands and water body share the same range of temperature which perhaps could be due largely to the fact that wetlands play an important role in the regulation of global climate by sequestering and releasing significant amounts of carbon. (*** imply almost no water body and vegetal cover in the location) (Table 2) . On the average (Table 3 & LGAs. This variation could be attributed to the economic crisis/power outage in Nigeria which left manufacturing companies out of production/manufacturing between 2002 and 2006. This shows that there is relationship between number of industries, carbon production and industrial enhanced temperature. A further study on modelling this relationship mathematically is therefore recommended.
